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Chapter 1 Introduction 
1.0.1. Aim. In the last decade the theory of metrical phonology has 
been an important development in linguistic theory. It began by 
concentrating on stress and rhythmical phenomena in English. The main 
idea of metrical phonology is that phonological strings are not merely linear 
sequences but are hierarchically structured. Stress patterns of rhythm reflect, 
to some extent at least, relations of prominence between the constituents of 
sentences. The relative prominence of each constituent in a metrical tree is 
indicated by nodes at different levels. Each node is labeled either s or w 
where s means 'stronger than' and w means 'weaker than' its sister node 
(Hogg and McCully 1987: 62-75). However, how can the relationship between 
strong and weak constituents be interpreted physically? What kind of 
value can be identified as an acoustic correlate of metrical structure? Up to 
now there has been little work addressing these problems. In this thesis I 
concentrate on· these questions in relation to rhythm, intonation, and focus 
in the Mandarin sentence JINTIAN TA BAN JIA (She/he is moving house 
today). The aim of my thesis is to develop the hierarchical rhythm approach 
and suggest that syllabic volume (a three dimensional acoustic value) can be 
identified as the acoustic correlate of metrical structure. 
1.0.2. Structure of thesis. The thesis consists of four chapters. In 
the rest of this chapter I introduce the basic principles of metrical phonology 
and the main prosodic features of Mandarin Chinese. In the second chapter 
I describe the methods. In the third chapter I report the results. In the last 
chapter I summarize the main findings of this project and look at the 
further direction of the study of Mandarin suprasegmentals and metrical 
phonology. The designed text and dialogue used for elicitation, and the 
detailed acoustic results are attached in appendices 1, 2, 3, and 4. 
1.1.1. The basic principles of metrical phonology. Metrical 
phonologists claim that any approach which treats spoken sequences as only 
a linear sequence of individual segments is inadequate. The constituents of 
sentences, syllables, words, or phrases, have to be built into some kind of 
phonological hierarchy. There are some basic principles in metrical 
phonology. One is that the relationships between constituents are defined as 
those of 'stronger than' or 'weaker than'. Another is that the metrical 
structure can be only binary-branching. The sister nodes in a metrical tree 
must be [w, s] or [s,w], as [s,s], [w,w] and [s,s,w], [w,w,s] etc. are meaningless. 
1.1.2. Analysed examples of English. The placement of stress in 
English sentences and phrases is related to the syntactic structure of the 
sentences and phrases concerned. The metrical tree is determined by the 
syntactic parsing. But the syntactic and metrical trees need not be identical 
in structure, since metrical trees have to be strictly binary-branching. There 
is normally no such restriction on the syntactic trees constructed by phrase 
structure rules (Hogg & McCully 1987: 72). For example, below are 2 
analysed examples of metrical structure dealing with phrase and sentence in 
English from Hogg and McCully 1987: 68-72. The syntactic structure of the 
phrase 'law degree requirement changes' which means 'changes in the 
requirement for a law degree ' is [[[[law] [degree]] [requirement]] [changes]]. 
The metrical structure is as follows: 
2 
Figure 1.1 
s w w w 
Law degree requirement cha~ges 
The basic structure of the tree is determined by the syntactic parsing. 
According to the rules of English stress, compound nouns are always left 
strong. The nodes at the left hand in the structure are labeled S. 
A similar method is applied to derive the metrical structure of the 
sentence Fred sold the book to Mary. 
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Figure 1.2 
R 
"'-s 
" s /~ 
w s 1"-I "'-w w w s w s 
Fred sold the book to Mary 
The partial tree is drawn for the embedded phrases the book and to Mary. 
Then, the bigger partial tree is drawn for the VP which is right-branching. 
Finally, the two sister nodes NP and VP are joined together. Since the 
metrical pattern of any phrase is always weak-strong, the nodes at the right 
hand are labeled S. The metrical tree shows that the book to Mary is a 
constituent, which does not correspond to the syntax. 
1.1.3. Analysed examples of Chinese. The metrical phonology 
approach applies not only English but also Mandarin. Metrical structure in 
Mandarin can reflect the pragmatic, syntactic, and semantic structure. For 
instance, there is the well-known example raised by Chao (1968: 38): 
zhTma da de shaobing 
If there is no focus on the phrase, its meaning can be 'sesame sized hot 
biscuits' or 'hot biscuits on which the sesame seeds are large'. It depends on 
the context. According to the results of acoustic investigation of atonicity 
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(Kratochvil 1987) and stress in disyllabic words or phrases (Lin & Yan 1980, 
Lin, Yan & Sun 1984), applying the metrical phonology approach the 
metrical structure of the phrase can be illustrated as follows: 
Figure 1.3 
The rhythmic structure of ZHIMA DADE SHAOBING 
R 
s/~w 
s/ ~ /"w 
/""' w s 
s/ '\ 
ZHI MA DA DE SHAO BING 
sesame-sized hot biscuits or 
hot biscuits on which the sesame seeds are large 
Both ZHIMA (sesame) and SHAOBING (hot biscuits) have 'strong-weak' 
lexical rhythmic pattern since the second syllable is lexically atonic. The 
particle DE is always weak. Therefore, we can predict what kind of nodes 
these five syllables have. The syntactic structure of ZHIMA DA is noun plus 
adjective which has a weak-strong rhythm pattern. Because adjective (DA 
'big') indicates the new information, the node of DA is strong. When the 
focus is put on the syllable ZHI, the meaning of DA becomes 'sort of or size' 
and the phrase then indicates 'sesame-sized hot biscuits'. If we use the 
symbol 'S+' to indicate focus the phrase can be illustrated as follows: 
5 
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Figure 1.4 
The rhythmic structure of ZHIMA DADE SHAOBING 
ZHI MA DA DE SHAO BING 
sesame-sized hot biscuits 
However, vvhen the focus is put on DA, the phrase then indicates 'hot 
biscuits on which the sesame seeds are large'. As Wang points out, the deep 
syntactic structure of the phrase in which focus occurs in different positions 
is different as well (Wang 1964: 197-8). The phrase can be illustrated as 
follows: 
6 
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Figure 1.5 
The rhythmic structure of ZHIMA DADE SHAOBING 
ZHI MA DA DE SHAO BING 
hot biscuits on which the sesame seeds are large 
Another example of sentences which involve two metrical 
structures. 
If stress is put on the syllable XIANG (to think) it means 'he has 
remembered'. If stress is put on the syllable QI (to get up) it means 'he wants 
to get up'. These two different metrical structures in the same sequence are 
as follows: 
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Figure 1.6 
The rhythmic structure of TA 'XIANG QI LAI LE 
R 
/~ 
w s 
/ ""' s w 
/""- /~ 
s w s w 
TA XIANG QI LAI LE 
(He has remembered) 
Figure 1.7 
The rhythmic structure of TA XIANG 'QI LAI LE 
TA XIANG QI LAI LE 
( He wants to get up) 
In figure 1.6 Qi (up) which is a particle to modify the main verb XIANG (to 
think) is weak. In figure 1.7 QI with stress ( to get up) is the main verb and 
8 
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changes from weak to strong. As XIANG becomes an auxiliary verb to 
modify the main verb QI, it changes from strong to weak. The linear 
analysis only points out that the position of stress is different. Actually the 
hierarchical metrical structure is changed. This phenomenon can be 
described clearly from the metrical phonology approach. 
1.1.4. An inadequacy of metrical phonology. Metrical phonologists 
have criticized the approach of the Sound Pattern of English (Chomsky & 
Halle 1968) in which stress was treated as a property of individual segments 
and assigned stress by sequences of particular segments. One example is the 
phrase sad plight, which is has a 21 stress pattern in isolation but 81 pattern 
in the sentence My friend can't help being shocked at anyone who would 
fail to consider his sad plight ( Hogg & McCully 1987: 63) . Metrical 
phonologists are correct in saying that it cannot be the case that sad is twice 
as weakly stressed as plight in the first case, but eight times as weakly 
stressed as plight in the second case. 
However, a similar problem occurs in the metrical phonology 
approach. The weak and strong nodes are interpreted by grids in metrical 
phonology. Firstly, each syllable is assigned a grid mark 'X', then each strong 
node has an additional X. The number of X's indicates how strong or weak 
the constituent is. We can count the number of grids in each syllable. But 
we still do not know what the phonetic content of each syllable is, or how 
we can identify which constituent is strong or weak. In other words, we 
should try to seek the relationship between phonetics and phonology. One 
of the aims of this thesis is to examine the suitability of syllabic volume as 
an acoustic correlate of metrical structure. 
g 
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1.2.1. The main prosodic features in Mandarin 
Chinese. The main prosodic features in Mandarin Chinese are tone, stress, 
and intonation. 
1.2.2. Tone. Tonal features are mainly manifested by pitch. There 
are four tonemes which are expressed as 55 (high-high), 35 (mid-high), 214 
(mid-low, low, mid-high), and 51 (high-low)(Chao 1920: 247). For instance, 
Tone 1. / - / + high, -rise, -fall, -low 
Tone 2. / '/ +high, +rise, -fall, -low 
.... 
Tone 3. / / -high, +rise, +fall, +low 
Tone 4. / ... / + high, -rise, +fall, -low (Wu 1982: 440) 
The main function of tones is to differentiate lexical meanings. For 
instance, ba (high-high) )\ means 'eight, ba (mid-high) tt means 'to 
pull out', ba (mid-low,lo~,mid-high)le means 'target', and ba (high-low) 
1£ means 'father'. There is also the absence of a toneme which Chinese 
scholars traditionally recognise a fifth or 'light' tone (q ingsh eng ~J6). 
This atonic toneme can distinguish lexical meaning too (Li Weimin 1981: 
35-40). For instance, d1 dao (falling, neutral) ±& m with a tonic on the 
second syllable means 'typical, pure'. d r dao (falling, falling) !& m in 
which there is no atonic means 'tunnel'.dong xi (high, neutral)*[§ 
with a tonic on the second syllable means 'something' dong x r (high, 
high)f.Rrffi in which there is no atonic means 'East and West'. Most of 
atonic morphemes indicate prefixes, and suffixes of lexical items or particles 
of sentences. Atonicity means that certain unstressed syllables in an 
utterance lose their suprasegmental or even segmental features. In daily 
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informal speech certain syllables of words have not only lost their tonal 
features, changing into neutral tone, but have also dropped the vowel plus 
final consonant. For instance, w o men fti11 (we or us) changes into 
worn, and dou fiJ E..~ (bean curd) becomes douf. The second syllable 
of the above words has only the initial consonant left (Kratochvil 1987: 339). 
1.2.3. Stress. Stress is linguistically significant prominence. Unlike 
tone which has been a concept in Chinese linguistics for more than one 
thousand years, stress is a new concept which was introduced from Western 
linguistics only forty years ago. There is still some argument as to whether 
there is lexical stress in Standard Chinese. Gao Mingkai and Shi Anshi (1963) 
state that there is no word stress in Chinese. Li Jinxi (1936), Xu Shirong 
(1958), and Li Weimin (1981) maintain that the syllables preceding and 
following atonic syllables must be stressed syllal!les and most polysyllabic 
words have stress. 
Chao (1968: 35-6) classifies stress into normal, contrasting, and 
weak stress. The contrasting stress has a wider pitch range and longer 
duration, usually with associated increase in loudness. In weak stress the 
tone range is flattened to practically zero and the duration is relatively short. 
Normal stress has neither weak nor contrasting stress and the degree of 
stress can be explicit by the position of syllable in phrases or sentences. 
Kratochvil (1968a: 45) states that the basic types of syllables are distinguished 
by their suprasegmental features. There are tonic stressed syllables, tonic 
unstressed syllables and atonic unstressed syllables. The relation of 
distribution between tones and stress can be seen in the following: 
1 1 
'J 
, I 
Table 1.1 
T /S features stressed unstressed 
Tonic # # 
Atonic ,.. # 
#: possible: *: impossible 
1.2.4. Intonation. Intonation is a fixed suprasegmental pattern in 
which pitch contour and prominent position are regularly arranged. 
Intonation performs a variety of different functions such as grammatical, 
informational, emotional or indexical functions (Crystal 1987: 171). Most 
.. linguists concentrate on the grammatical and informational ones. Chao 
(1968: 40-44) classified intonation in Mandarin into 13 types, which include 
normal statement, suspense-conclusion, and simple question. Ho (1977: 450) 
studied variation in intonation in three types of expressions: interrogative, 
exclamatory, and declarative. She found that interrogative and exclamatory 
intonations not only have a high fundamental frequency, but also have a 
rising contour in the sentence-final position, while declarative intonation 
has a distinctively lower fundamental frequency and a falling contour in 
sentence-final position. 
1.2.5. Focus accent. Focus accent is one of the functions of stress. 
Chao (1968: 35) calls focus accent contrasting stress which has a wide pitch 
range and longer duration, usually with associated increase in loudness. 
The contrasting stress can shift normal rhythm patterns. Chang (1958: 403, 
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409) described focus accent in the Chengdu dialect. She views focus accent as 
a kind of intonation of emphatic sentences. She uses music manuscript 
paper to describe intonation and focus accent. The pitch level of intonation 
with focus accent is between mid-high and low and the range is wide in 
music manuscript papers. G£rding, Zhang and Svantesson (1983: 59) applied 
a generative model to study tone and intonation in Standard Chinese. They 
came to similar conclusions in which a statement has a global fall over the 
final phrase. A question has a global rise over the final phrase. Focus in the 
generative model is represented by an expanded grid. A non-focused 
segment is represented by a compressed grid. The constituents are separated 
by vertical lines called pivots. Both grid and pivot are special terms in the 
generative model. The grid refers to direction of rising, falling, or level of 
intonation contours. The pivot refers to the syntactic boundaries of 
sentences. 
1.2.6. Rhythm. Chao (1948: 26) points ·out that there is a general 
'flat-footed' rhythm pattern in Mandarin. Kratochvil (1987: 333-5) called it 
the model of the formation of the prosodic shape of Mandarin sentences. 
He states that disyllabic words tend to constitute an iambic prominence 
pattern. Sequences of monosyllabic or tri-syllabic words also follow this 
iambic prominence pattern. He discussed some variations and concluded 
that the prominence patterns in normal Mandarin speech are highly 
variable. 
1.2.7. The relationships between tone, stress, and intonation. 
Tones, stress, and intonation are the main suprasegmentals in Standard 
Chinese. How are these three kinds of prosodic features 1n Standard 
13 
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Chinese organized and how do they influence each other in the whole 
utterance? Chao (1968: 39) briefly describes the relations between tone and 
intonation as like 'small ripples riding on large waves'. Ho (1976, 1977) 
studied the acoustic variation of Mandarin tones and intonations. She 
investigated the acoustic correlates of the four Mandarin tones in isolated 
words and variations in these parameters in relation to sentence 
environment, syllable vowel, and preceding consonant. The results indicate 
that the influence of sentence intonation on tones is greater than that of the 
syllabic vowel, and the influence of the syllabic vowel is greater than that of 
the preceding consonant. Ho states that both intonation and word position 
influence the fundamental frequency, tone range, and peak amplitude of 
syllable nuclei. The duration, fundamental frequency and peak amplitude 
of the four tones in the final position of the sentence are modified by 
intonation. Kratochvil (1968a: 37, 46) describes tones and intonation by 
graphs. There are two horizontal lines which delimit the natural range of 
pitch. Vertical lines delimit the relative duration of the given segmental 
sound. Varying thicknesses of the tone curve indicates increase or decrease 
in loudness. 
1.2.8. Summary. In this chapter I have discussed the basic 
principles of metrical phonology and the main prosodic features in 
Mandarin Chinese. In the rest of the thesis, I will show how an acoustical 
correlate of metrical structure can be developed to describe the rhythm, 
intonation, and focus accent in a Mandarin sentence. 
14 
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Chapter 2 Methods 
2.0. Introduction. In this chapter I discuss the methodology of this 
study. This comprises: 1) the design of material adequate for an acoustic test; 
2) the development of a proper formula to calculate. syllabic volume; and 3) 
the procedures followed in the acoustic investigation. 
2.1.0. Design of material adequate for an acoustic test. Designing 
material adequate for an acoustic test is the first step in an acoustic 
investigation of prosodic features. Material adequate for an acoustic test 
should at least accord with the following demands: 1) the phonetic structure 
of each syllable in the sample sentence should be suitable for the acoustic 
test; 2) the sample sentence should be appropriate for observing some 
phenomena with which we concerned; and 3) it is necessary to design a 
dialogue or text in which to embed the sample sentence. 
2.1.1. The phonetic features of the sample sentence. The sample 
sentence which I devised for this project is as follows: 
1) j 1nt i an 
~7( 
Today 
ta 
~ 
ban 
~ 
j i a 
~ 
she is moving house 
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The sample sentence is uttered in a single breath group. We might then 
expect the rhythm of the sentence to be comparable across speakers. It 
consists of four lexical items, and is short, making it easy to fit on a single 
spectrogram. The initial consonants of the five syllables in the sentence are 
all stops. The first and last initial consonants are both palatal affricates, the 
second and third are alveolar stops, and the fourth is a bilabial stop. As all 
the initial consonants of the syllable are stops, it is relatively easy to segment 
and measure from the spectrogram. 
2.1.2. The prosodic and syntactic features of the sample sentence. 
All syllables in the sample sentence have the same high tone. As tone and 
intonation can influence each other, it is better for detecting intonation to 
select a sentence where all words have the same tone. But even the same 
tone can be affected by tone sandhi. For example, when a low tone (tone 3) is 
fallowed by a low tone ( tone 3) the first one will change in to a rising tone 
(tone 2). For this reason I selected high tones because when high tones 
connect together there is no change of tone. In order to maintain normal 
rhythm pattern of sentences the four words JINTIAN (today), TA (she), 
BAN (to move), JIA (house) are all lexical category words. There are no 
atonic syllables involved. The meaning of each word in the sample 
sentence is clear and definite. A possible syntactic representation (Wang 
1964) is shown in Figure 2.1. This is generated by the following phrase 
structure rules. 
5----) NP +S 
NP--~> NP+ VP 
vp---->vP+NP 
16 
r 
Figure 2.1 Possible Syntactic Representation for the Sample 
Sentence. 
s 
NP NP 
NP VP 
/~ 
VP NP 
JINTIAN TA BAN JIA 
(She/he is moving house today) 
Both NP+NP and VP +VP are typical sentence structures in Mandarin 
Chinese. It is reasonable to observe prosodic features in this kind of 
sentence. 
2.1.3. The text and dialogue for embedding the sample sentence. A 
sentence in an utterance can occur with different intonation patterns or 
focus accents. Therefore it is necessary to put the sample sentence in a 
certain environment designed to elicit different intonations and focus accent 
placement. 
2.1.4. Intonation types. I designed a text comprising declarative, 
interrogative, and exclamatory intonation patterns for the sample sentence. 
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Of the four intonation patterns the interrogative sentence with particle MA 
is the most extensively used to ask about something of which the speaker 
has no foreknowledge and for which he expects neither an affirmative nor a 
negative answer. An interrogative sentence without MA is used when the 
speaker does not believe or wish something to happen and he wants to 
confirm it. The speaker's question is incredulous. When I designed the text 
I considered in what kinds of contexts these two types of interrogative 
sentences would occur. To illustrate the elicitation of different intonations, 
here is a piece of dialogue selected from the text. The complete text in which 
the sample sentence is embedded is outlined in appendix 1. 
zaoshang Xiao LT kandao wade nupengyou shoushi 
~ ..t ~J, * ~ fu $: ~ 31: RJJ tz: ~~ 
This morning Xiao Li saw my girl friend packing up 
dongxi, kai wanxiaode wen : 
*IBL ff lft~ ~ fol: 
luggage and asked me jokingly 
"jTntian ta ban jia ma?" 
"~1(M!~~~?" 
"Is she moving house today?" 
"sh1de jTntian ta ban j ia." wo hao wu biaoq1ngde 
"~(fl> ~j(Mz~~." ft~7C*J~±& 
"Yes, she is moving house today." I answered without any 
huf da. 
[fil ~ . 
emotion. 
ta kan q1fen budul y1huode wen 
~ti"2=i: ~ 1'X'f, ~~±tlz fol: 
18 
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He felt there was some thing unusual and asked in a 
puzzled voice: 
"JTntian ta ban Jia?" 
II -9- 7: :ktl! ~ ~ ?" 
"Is she moving house today?" 
It is obvious that intonation and meaning between the interrogative 
sentence JINTIAN TA BAN JIA without MA and with MA are different. 
Putting the sample sentence in a context is an advantage for investigating 
certain linguistic phenomena. Some would argue that edited speech is not 
normal speech. But if edited speech is designed properly, certain prosodic 
features can be more typical and clearer than those in normal speech. The 
dialogue and text should be of the right length as well. If it is too short it 
cannot provide an appropriate dialogue or text for the sample sentence. If it 
is too long it will divert the informants' attention. 
2.1.5. Focus accent. The placement of focus can be understood in 
terms of the notion of 'information units'. The number of positions where 
a focus can be placed depends on the number of information units in a 
sentence. In other words, it can ask or answer some question about the 
sentence. There are three information units in the sentence j int fan ta ban 
j fa (today she/he is moving house). The first one is j rn t tan (today) which 
denotes when something happens. The second is ta (she /he) which 
indicates the agent. The third is ban j fa (to move house) which indicates 
the action. The number of information units in a sentence is decided not 
only by the syntactic structure, but also by semantic relations. For instance, 
b~n (to move) is a verb and j fa (house) is a noun. Because the semantic 
link in this verb phrase is closer than that of other verb phrases, it cannot be 
19 
segmented in terms of information unit. If we use a noun sh O (book) 
instead of j t a (house), the sentence is as follows: 
2) j int tan ta ban shO . (He/she is moving books today) 
We can answer the question j int tan ta ban shenme? (What is 
she/he moving today?) with the sentence j int tan ta ban shG (He/she is 
moving books today). But we cannot answer the same question with the 
sentence j int tan ta ban j ta (She/he moving house today). So the 
semantic cohesion is reflected in the syn tax. 
Generally, there are two ways of expressing focus in Mandarin 
Chinese. The first way to express focus is to put the focus marker SHI into 
the sentence. For instance, 
2) s h 1 j T n t i an t a ban j i a 
£~~~!@~. 
It is today that she is moving house. 
3) JTntian sh1 ta ban J ia 
~7e£~i@~. 
She is the one who is moving house today. 
4) JTnt i an ta sh1 ban Jia 
~7C~~i@~. 
Moving house is what she is doing today. 
j in t i an ( today) in sentence 2, ta (she) in sentence 3, and ban j i a (to move 
house) in sentence 4 are the focus. The emphasis of using a focus marker 
SHI is stronger than that elicited by asking a question. When a speaker 
wants to argue or confirm something he/ she usually puts SHI in front of the 
word or phrase which is emphasized. Basically SHI has two meanings and 
functions. One is that SHI can be a verb (to be) or interjection indicating 
judgement like 'yes' in English. The other is when it acts as a focus marker. 
20 
SHI can be put in front of any information unit of a sentence. It depends on 
the different pragmatic requirements. 
The second way of expressing focus in Mandarin is by asking a 
question calling for focus. To elicit different focus placement I designed a set 
of questions and answers like those given below (see Appendix 1). 
Q: natian ta ban Jia? 
~~~~~~? 
When is she moving house ? 
A: J Tn ti an ta ban J i a. 
~~~~~. 
She is moving house today. 
Q: JTntian shuf ban j ia? 
~~i.t~~? 
Who is moving house today? 
A: J T n ti an ta ban J i a. 
-9-~~~~. 
She is moving house today. 
j inti an (today) which is emphasizing when something happens is the focus 
in the first answer, and ta (she) which is emphasizing the agent, is the focus 
in the second answer. As the focus accent elicited by asking a question is the 
sole, independent means for denoting focus, I investigated this type of focus 
accent in this study. 
2.2.1. The development of a proper formula for calculating syllabic 
volume. Kratochvil (1969) has defined a concept of 'syllabic volume'. I 
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shall revise this concept somewhat, and demonstrate its relevance for 
prosodic features which are manifested in three acoustic phonetic 
dimensions. Any single value of dimension i.e. fundamental frequency 
(Fo), amplitude (Ar), or duration cannot describe rhythm,intonation and 
focus accent properly. In previous studies, Kratochvil (1969), Ho (1976) and 
Rose (1982) have indicated that tone, intonation, and stress in Chinese is 
manifested not only by the value of Fo but also the value of duration and 
amplitude. Ho uses the three dimensional acoustic value separately to 
describe intonation in Mandarin. What I have done is to apply a single 
value of syllabic volume, which actually involves the value of the three 
acoustic dimensions, to describe rhythm, intonation, and focus in Mandarin 
sentence. 
2.2.2. The original formula. The question which needs to be 
answered is what formula should be developed to calculate the syllabic 
volume. To answer this question, it is helpful to look at the work of 
Bolinger and Kratochvil. The concept of configurations in the area of 
suprasegmentals was first raised in Bolinger (1951). The concept of syllabic 
volume and calculating formula are proposed by Kratochvil (1969, 1987). 
The hypothesis of syllabic volume is based on the concept of physical feature 
configuration. The relation between the length, width, and height of an 
object corresponds to the relation between the duration, amplitude, and 
fundamental frequency of a sound. The formula which Kratochvil (1969: 9) 
proposes for calculating the syllabic volume is expressed as: 
V=Fo*Ar*T /1000 
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Fo and Ar represent the mean value of fundamental frequency and overall 
amplitude and T the duration of the given syllable's vowel (or vowel plus 
final nasal). For simplicity, the order of magnitude is reduced by three steps. 
2.2.3. The revised formula. The formula for calculating syllabic 
volume in this project has been revised from the original one which 
Kratochvil applied to investigate prominence (1969) and atonicity (1987) in 
Mandarin. The revised formula is expressed as: 
V =[De* Arc*lOO]+[Dv* Arv*Fov] / 1000 
The additional part of the formula is Dc*Arc*100 where De represents the 
duration of initial consonants excluding sonorants, and Dv indicates 
duration of vowels plus sonorants. In Mandarin liquids, nasals, and 
semivowels can occur at the beginning of the syllable, but among the 
consonants only nasals can occur at the end of the syllable. As liquids, 
nasals, and semivowels can be stretched into a distinct column of harmonics 
on the spectrogram, the duration of these sonorants can be counted with 
vowels. The original formula does not take into account the value of the 
initial consonant. The reason, as Kratochvil (1969: 16) explains, is mainly 
for the sake of simplicity. If only pitch or pitch contour of the syllable is 
observed, of course we need only investigate the distinct column of 
harmonics. But if syllabic volume is to be calculated, the whole syllable, 
including the initial consonant, should somehow be taken into account. 
2.2.4. The three ways to calculate syllabic volume. There are three 
ways to calculate the syllabic volume of an initial consonant. First, if the 
initial consonant is an unaspirated or aspirated plosive, the syllabic volume 
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is zero before the release stage. The value of the amplitude is zero because 
there is no energy or pressure in this period. In other words, there is no 
acoustic signal at this stage. Secondly, if the initial consonant is an aspirated 
plosive after the release stage or an affricate, the syllabic volume of the 
consonant is the value of the two dimensions duration and amplitude 
multiplied together, since there is no column of harmonics for this kind of 
sound in the spectrogram. It is supposed that the value of Fo is 1 which does 
not denote zero in this circumstance. Thirdly, if the initial consonant is a 
sonorant, such as a nasal, liquid, or semivowel, the syllabic volume of the 
consonant is the value of the three dimensions multiplied together, as each 
value is available in the spectrogram for these kinds of consonants. 
Why do we need to multiply by 100 in the additional formula? 
The reason is that the value of both duration and amplitude is smaller than 
that of fundamental frequency. For the sake of equivalence, the value of 
these two dimensions is enlarged 100 times. I use this formula in this study 
in the following way. The syllable j i a in ZSY's speech j Tn t i an ta ban j i a 
ma? is calculated as [6 csec. (the value of duration of consonant)*18 dB (the 
mean value of amplitude of the consonant)*100 (enlarge multiple)]+[15 csec. 
(the value of duration of the vowe1)*18 dB (the mean value of amplitude of 
vowel)*333 Hz (the mean value of fundamental frequency of the vowel)] 
=1 01 (syllabic volume)(see figure 2.2). 
2.3.0. The procedures followed in the acoustic 
i nvestigation. The procedures followed in the acoustic investigation 
are: 1) selection of informants; 2) making spectrograms; 3) syllabic 
segmentation; and 4) calculation of syllabic volume. 
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2.3.1. Informants. Mandarin Chinese is the national language of 
the People's Republic of China. There are six main dialects of Chinese 
language. In 1955 the National Language Reform Committee decided that 
the Beijing speech of Mandarin would be the standard speech for the whole 
country. Although the standard speech has been popularized for more than 
thirty years, people still speak Chinese with varying degree of local accent. In 
this project I asked six native Mandarin speakers, three female (DQ, GM, and 
ZSY), three male (HYH, L YP, and WXL) to test and record. All informants 
speak Beijing speech. They were born or grew up in Beijing, so they do not 
have any other accent from another dialect when they speak Mandarin. 
They came to Canberra, Australia temporarily as students or visiting 
scholars. They have all graduated from university or college. Their 
professions are various. LYP was a lecturer at the Beijing Diplomatic 
Institute. WXL was a research fellow at the State Commission for 
Reconstructing the Economic System. DQ was a staff member of a National 
Youth Association. HYH and GM are librarians of Beijing National Library 
and Beijing University Library respectively. ZSY was an announcer on 
Beijing Radio. 
2.3.2. Spectrograms. Recording was done on professional 
equipment in the recording laboratory of the Linguistic Department of the 
Australian National University. After recording each informant's sounds 
on high quality tape, I made three spectrograms for each type of the sample 
sentence of each person. The first one (figure 2.2) is a wide band spectrogram 
with a normal linear scale. This kind of spectrogram is produced using a 300 
Hz wide band filter for analysis. A wide band filter is imprecise with respect 
to frequency. However, as Painter (1979: 13) points out, it is precise with 
respect to time and is the best one to use for duration units. It is therefore 
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capable of representing individual vocal fold pulses discretely as vertical 
striations. Each syllable of the sentence j Tn t j an ta ban j j a ma is relatively 
easy to segment from this spectrogram. The second one (figure 2.3) is a 
narrow band spectrogram with an expanded linear scale. This kind of 
spectrogram is produced using a 45 Hz narrow band filter for analysis and, 
therefore, all harmonics are resolved separately and seen as narrow 
horizontal lines for both male and female speakers. The third type of 
spectrogram I used is an amplitude display (figure 2.4). It is represented by 
the vertical axis of the picture and looks like mountain peaks and valleys. 
Each space between two horizontal lines indicates 6 decibels (dB). 
2.3.3. Segmentation. How the boundaries of each syllable are 
identified from the spectrogram is the key for measurement. Consonants 
.. 
and vowels may be uttered simultaneously but, as they are realized 
sequentially, the boundary of syllables always overlaps (Borden & Harris 
1980: 42-5). For instance, in TIAN and TA the vocal cord impulse which is 
part of the TIAN will last into the hold phase of the initial consonant of TA. 
The final part of TIAN and the first part of TA overlap. That is why we can 
see the boundary between TA and BAN but we cannot see the point of onset 
of oral closure between TIAN and TA. This is true for careful speech. When 
speech becomes faster, there is no possibility of finding an identifiable point 
to reflect the boundary. In order to identify the boundaries of syllables, I put 
three kinds of spectrograms together. By comparing the harmonic signals 
from the low frequency scale with the white noise from the high frequency 
scale, and comparing the wide band spectrogram with the amplitude display, 
each syllable can be segmented adequately. I used the initial consonant of a 
syllable as a clue to identify the boundary of syllables. The sentence j Tn t j an 
ta ban j j a ma consists of six syllables. The initial consonant of the first 
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and fifth syllable is a voiceless palatal affricate. The second and third are 
aspirated alveolar stops. Both affricate and aspiration show random energy 
distributed unevenly throughout the spectrogram. The initial consonant of 
the fourth syllable is an unaspirated bilabial stop. The plosive is 
characterized by the acoustic consequences of its pressure and release stages. 
There is no energy during the pressure period but this is followed by a brief 
burst of energy at the moment of release. The boundary of each consonant 
above 3000 Hz can be identified from the spectrogram. The initial consonant 
of the last syllable is a bilabial nasal which has a clear formant structure 
which distinguishes it from the vowel /a/. There are two kinds of 
segmentations in figure 2.2. The lower part shows the actual boundary of 
syllables. The upper one is the segmentation for practical calculation. 
2.3.4. Calc~lation. After establishing the actual boundary of 
syllables and following the requirements of the syllabic volume formula, we 
can calculate the value of duration, Fo, and amplitude for each syllable 
respectively. The value of duration of syllables is mainly calculated from 
the wide band spectrogram with normal linear scale. The top horizontal 
line in figure 2.2 is calibrated. Each space indicates 10 centiseconds (csec.). 
After identifying the boundary of the syllables, the duration of each syllable 
can be measured. For instance, the values of the duration of the six syllables 
are 18 csec. for j Tn 18 csec. for t tan , 10 csec for ta, 17 csec. for ban , 21 csec 
for j ta , and 15 csec. for ma. (see figure 2.2). If the hold phase of the 
unaspirated labial stop /p / is counted, the duration of the whole syllable ban 
is 24 csec. I have discussed why the value of the hold phase of some initial 
consonants does not count in section 2.2.1.3. Generally, the release spike of 
syllables in the spectrogram indicates the onset point for actual calculation of 
the duration of syllables. The pressure periods of 1-2 csec. before the release 
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spike in the second, third, and fifth syllable have not been taken into 
account. 
The value of the fundamental frequency of each syllable can be 
measured from a narrow band spectrogram with expanded linear scale (see 
figure 2.3). As all syllables in the sample sentence are the same high tone, 
the fundamental frequency remains fairly stable except for the last one. We 
can select an appropriate point which is usually darker, in the middle of the 
syllable to measure. In the syllable j i a , three harmonic horizontal lines 
occupy one scale which signals one thousand Hertz. If we divide 1000 Hz by 
three we get the result 333 Hz, which is the value of Fo. If fundamental 
frequency is not stable, then in order to sample the Fo, it is necessary to 
choose three points from onset, middle and final for measurement. For 
instance, the Fo in the syllable ma is falling, we need to choose at least three 
points to measure it. The result of Fo for syllable ma is 1950 Hz (onset) + 
1580 Hz (mid) +1250 Hz (offset)/6 (harmonic lines)/3 (points)= 266 Hz. 
The value of amplitude is worked out from the amplitude display 
spectrogram (see figure 2.4). Consulting the wide band spectrogram, each 
syllable can initially be segmented and then small grids are drawn at equally 
distanced points along the given curves, two terminals and several 
intermediate points. The value is measured from the given points on the 
amplitude curve to the second line (above baseline). There is no intensity of 
articulation below the second line. Furthermore, the amplitude from the 
second line is most suitable from the point of view of magnitude 
calculations. The amplitude value of each grid can be measured and 
calculated. After the values of each grid are put together and divided by the 
number of grids, the value of amplitude of the syllables can be obtained. For 
instance, the amplitude value of the syllable ti an is 14 dB (first grid) + 17 dB 
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(second grid) + 21 dB (third grid) +17 dB (fourth grid) +12 dB (fifth grid)/5 
(number of grids)=16 dB (refer to figure 2.4). 
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Figure 2.2. A wide band spectrogram with normal linear scale showing the 
duration of each syllable in the sentence 
The utterance is j int ian ta ban j ia ma spoken by ZSY 
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showing the amplitude of each syllable in the sentence 
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Chapter 3 Results 
3.0. Introduction. In the previous chapters I introduced the 
purpose and methods of this project . In this chapter I present the results: 1) 
the basic rhythm pattern in the sentence JINTIAN TA BAN JIA; 2) the 
realization of intonation in the four types of sentences; and 3) the realization 
of focus accent in the declarative type of sentence. 
3.1.1. The basic rhythm pattern in the sentence JINTIAN TA BAN 
JIA. According to the grand mean syllabic volume, the strong-weak or 
weak-strong rhythm pattern can be identified at different levels of the 
sentence. Examining the mean syllabic volume of the four types of the 
sentence JINTIAN TA BAN JIA (declarative, interrogative, interrogative 
plus MA, and exclamatory plus YA) in table 3.1 and figure 3.1 we find that, 
although the individual values in each type of sentence are different, the 
distribution of syllabic volume in the four types of sentences follows the 
same basic rhythm pattern. 
3.1.2. The reflection of rhythmic pattern in the syllabic volume. 
Firstly, based on the grand mean syllabic volume, the six syllables can be 
divided into four groups which are JINTIAN, TA, BAN JIA, and M/YA. 
Since the grand mean values of BAN JIA, (59 and 85 respectively), and 
JINTIAN, (45 and 47 respectively), are greater than TA (26) and M/YA (42), 
we can work out the rhythm pattern of the four groups in the sentence as 
strong (JINTIAN), weak(TA), strong(BANJIA), weak(M/YA). Secondly, the 
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grand mean value for JIN is similar, although slightly smaller, to that of 
TIAN, and the value of BAN is similar, although smaller, to that of JIA. 
From the grand mean value we can also identify the rhythm pattern in 
JINTIAN and BAN JIA as weak(JIN, BAN)-strong(TIAN, JIA). 
120 · 
100· 
80 .~ 
Table 3.1 The Mean Syllabic Volume and Standard Deviation of 
the Four Types of Sentences for the 6 speakers 
JIN TIAN TA BAN JIA M/YA 
Dec. 
Int. 
X 36 
SD 20 
X 50 
SD 26 
-lnt.M X 51 
SD 34 
-Exe. X 42 
SD 24 
-
-Grand X 45 
mean 
Figure 3.1 
35 
13 
54 
27 
51 
27 
49 
24 
47 
25 
7 
25 
6 
29 
13 
25 
11 
26 
39 
12 
70 
20 
65 
30 
63 
44 
59 
46 
15 -
107 
36 
87 
29 
87 
39 
82 
46 
20 
37 
21 
42 
The Mean Syllabic Volume of The Four Types of Sentence 
D Dec. 
II Int. 
60 [] lnt.M 
::-~11 ii -~~~ . Ii .. .__f!l_Ex_c. _ __. 
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JIN TIAN TA BAN JIA M/VA 
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3.1.3. The hierarchical rhythm system. Furthermore, referring to 
the syntactic and pragmatic structure of the sentence, the hierarchical 
rhythm system of the sentence can be worked out. The syntactic structure of 
the declarative and interrogative sentence without MA (Wang 1964) is as 
follows: 
s--... ) NP+S 
NP----) NP+ VP 
yp---.)vP+NP 
Figure 3.2 
s 
NP NP 
NP VP 
/""' VP NP 
JINTIAN TA BAN JIA 
(She/he is moving house today) 
The syntactic structure of the interrogative plus MA and exclamatory plus 
YA sentences is as follows: 
S ----> S+ Particle 
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s---) NP+S 
NP--... )NP+VP 
yp--->vP+NP 
Figure 3.3 
s 
s Particle 
/~ 
NP NP 
/~ 
NP VP 
/~ 
VP NP 
JINTIAN TA BAN JIA MIYA 
(Is she/he moving house today?) 
The sentence JINTIAN TA BAN JIA can be separated into JINTIAN (today) 
and TA BAN JIA (She/he is moving house) and then further separated into 
TA (he/she) and BAN JIA(is moving house). The reasons are that, firstly, 
the average value of grand mean of JINTIAN is less than that of TA BAN 
JIA and the average value of grand mean of TA is less than that of BAN JIA. 
Secondly, JINTIAN is a sister constituent of TA BAN JIA and TA is a sister 
constituent of BAN JIA at the same syntactic level respectively and there is 
also a potential pause between JINTIAN and TA BAN JIA. Thirdly, 
JINTIAN is the topic and TA BAN JIA is the comment pragmatically. The 
sentence JINTIAN TA BAN JIA M/YA (Is she/he moving house today?/!) is 
segmented between JINTIAN TA BAN JIA and M/YA. The reasons are that, 
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firstly, MA and YA are particles in which the average value of the grand 
mean is less than that of the whole sentence. Secondly, M/YA are markers 
which indicate that the sentence is a question or an exclamatory utterance. 
The judgement of strong and weak nodes at the middle or top level of the 
sentence depends on the average syllabic volume of each syllable of 
constituents, not the sum syllabic volumes of constituents. Because a 
constituent can be short or long, the sum of syllabic volume of the 
constituent cannot be used for judgement. Following the above analysis, we 
can assume that there are two types of hierarchical rhythm system in the 
four types of sentence. From the grand mean syllabic volume of the four 
types of sentence we can draw a schematic diagram of the hierarchical 
rhythm system as shown in figures 3.4 & 3.5: 
Figure 3.4 
Schematic di a gram of the hierarchical rhythm system 
JI NT IAN TA BAN JIA 
w s 
/ 
' 
/ ~ 
I D w w I s 
45 47 26 
-----
-
w 
59 
35 
-
s 
82 
Figure 3.5 
Schematic diagram of the hierarchical rhythm ststem 
JINTIAN TA BAN JIA M/VA 
s 
w s 
/' 
_w_lD / wl 
s 
45 47 26 
w s 
59 82 
~ 
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3.1.4. Acoustic correlates. This hierarchical rhythm system can be 
analysed by following the metrical phonology approach. As I noted in the 
first chapter, the main idea of metrical phonology is that phonological 
strings are not merely linear sequences but are hierarchically structured. The 
stress patterns reflect, to some extent at least, relations of prominence 
between constituents of sentences. The relative prominence of each 
constituent in a metrical tree is indicated by nodes at different levels. Each 
node is labeled either s or w where s means 'stronger than' and w means 
'weaker than' (Hogg & McCully 1987: 62-75). So far there has been little 
work to quantify how strong or weak a constituent is. In other words, there 
has been little work to show the acoustic correlate or evidence of relative 
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prominence for each constituent. In this project I propose that the syllabic 
volume of a constituent 'S' is stronger than that of a constituent 'W'. 
Conversely, the syllabic volume of a constituent 'W' is weaker than the 
syllabic volume of constituent 'S'. Thus the strong and weak node in the 
hierarchical rhythm system are not only assumed theoretically but also 
supported by measurable values of the relevant constituents. We can now 
draw rhythm trees for the basic rhythm pattern of the four types of sentences 
based on the grand mean syllabic volume of the sentence. 
Figure 3.6 
Hie rare hi Ca 1 rhythm structure of J I NT I AN TA BAN J I A 
~R------
W S 
I""' I~ w s w s 
/""' w s 
JIN 
45 
TIAN 
47 
TA 
26 
BAN 
59 
(Today she/he is moving house.) 
37 
JIA 
82 
I 
I 
I' j 
Figure 3.7 
The hierarchical rhythm structure of JINTIAN TA BAN JIA M/YA 
JIN 
45 
R: Root 
TIAN 
'fl 
TA 
26 
BAN 
59 
( She/he is moving house tcd.ay?I!) 
S: Strong W: Weak 
JIA 
82 
w 
MIYA 
~ 
3.1.5. The main features of the hierarchical rhythm system. The 
main features of hierarchical rhythm system are nodes and levels. The 
nodes and levels in the rhythm tree reflect not only the rhythm patterns but 
also syntactic constituents and pragmatic structure. The sister nodes are 
binary-branching. The relation between two sister nodes must be either a W-
S or S-W pattern, since in metrical phonology the relationships which are 
defined can only be those of stronger than or weaker than (Hogg & McCully 
1987: 66-7). For instance, there are three levels and two kinds of nodes in the 
hierarchical rhythm system of the sentence JINTIAN TA BAN JIA. Firstly, 
the system is supported by the phonetic facts. The value of each syllable 
reflects the system clearly. Secondly the syntactic structure of the sentence is 
in coordination with the rhythm system. At the bottom level, BAN JIA is a 
verb phrase. In most cases an object is stressed on a verb phrase in 
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Mandarin sentences (Liu, Deng & Liu 1981: 264). A difference between the 
syntactic and rhythmic tree is that JINTIAN is a unit which need not be 
separated in the syntax, but it has to be segmented in the rhythm tree. 
Thirdly, the pragmatic structure of the sentence is reflected in the rhythm 
system as well. JINTIAN is the topic at the high level, and TA is the topic at 
a lower level. Comparing with the topic (JINTIAN or TA) the comment (TA 
BAN JIA or BAN JIA) represents the new information which is emphasized. 
This is the reason why one finds two comments at different levels with 
both being strong nodes in the rhythm tree. 
The rhythmic structure of JTNTIAN requires some comment. 
JINTIAN is a disyllabic noun. The mean syllabic volumes of JIN and TIAN 
in the declarative sentence are 36 and 35 respectively. In the interrogative 
plus MA sentence both JIN and TIAN have the same value 51. In spite of 
this I still interpret their relation as weak-strong. Why? Actually, the mean 
values obscure the weak-strong relationship in JINTIAN. If we look at the 
individuals' results (refer to Appendix 2), a pattern of weak-strong is clear. 
Two (DQ WXL) of the six informants have a W-S pattern in JINTIAN for all 
4 types of sentences. Another two (L YP, ZSY) have a W-S pattern for 3 of the 
4 types of sentences. One (GM) has a W-S pattern for 2 of the 4 types of 
sentences. There is only one informant (HYH) who has a W-S pattern for 
only 1 of the 4 types of sentences. Therefore, it is obvious that a weak-strong 
pattern is the norm for JINTIAN. This is in agreement with the acoustic 
results of Lin, Yan & Sun (1984: 57-73), who found that 70% of disyllabic 
words in which there is no atonic syllable are produced following a weak-
strong pattern. But this means that 30% do not follow this pattern. 
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The syllabic volume of TA is the lowest in all four types of 
sentences. The reason is TA is a pronoun. From a pragmatic point of view 
although TA in the sentence is a part of the comment TA BAN JIA, a 
pronoun generally indicates old information and is pronounced weakly. 
3.2.1. The realization of intonation in the four types of sentences. 
According to the syllabic volume of each type of sentence I now propose to 
show how various intonation patterns can be formalized in rhythm trees. 
The intonation patterns in the four types of sentences, the declarative, 
interrogative, and interrogative plus MA, and exclamatory plus YA, all 
follow the same basic rhythm. The effect of intonation in each type of 
sentence is to add or subtract syllabic volume to certain constituents. But it 
does not change the basic rhythm pattern. In terms of the hierarchical 
rhythm system the intonation influences the str~ng or weak nodes to some 
degree, but it does not change the nature of the strong or weak nodes. There 
are two ways of distinguishing the four types of sentences. One is by use of 
suprasegmentals, or intonation. This increases or decreases the syllabic 
volume of certain constituents of the sentences. The other is by use of the 
particles MA/YA, which are added at the end of the sentence. Based on the 
the grand mean syllabic volume of each syllable the basic rhythm pattern of 
the four types of sentences can be illustrated as follows: 
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Figure 3.8 
The basic rh!dthm pat tern of JI NT I AN TA BAN JI A 
JIN 
45 
TIAN 
47 
TA 
26 
BAN 
59 
(Today she/he is moving house) 
JIA 
82 
3.2.2. The realization of intonation in the declarative sentence. 
The grand mean syllabic volume of the sentence JINTIAN TA BAN JIA is 
45, 47, 26, 59, and 82 (see figure 3.8). The mean syllabic volume for the 
declarative sentence is 36, 35, 25, 39 and 46 which is less than the grand mean 
(refer to table 3.1). The mean syllabic volume of the declarative sentence 
minus the grand mean value is -9, -12, -1, -20 and -36. It is obvious that the 
variation of BAN JIA in the declarative sentence is greater than that of the 
other constituents. This is because the mean values of Fo, Ar and duration 
of BAN and JIA are relatively lower than those of the grand mean. It is 
supposed that the distinguishing feature of intonation is represented by the 
greater variation. If we take the greater variation and use the negative 
symbol '-' to indicate the minus value, the realization of intonation of the 
declarative sentence in a rhythm tree is as follows: 
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Figure 3.9 
The realization of intonation in declarative sentence 
R 
~ 
w 
t)~S) /~ 
w S-
/ ~ 
W+ S-
JIN 
36 
TIAN 
35 
TA 
25 
BAN 
39 
(She/he is moving house ta day) 
S: normal strong node 
S-: less strong node 
W: normal weak node 
W +: weaker node 
JIA 
46 
The basic rhythm pattern of the disyllabic noun JINTIAN is weak(45)-
strong(47) (see figure 3.8). The mean syllabic volumes of JINTIAN 36, 35 
which are the variation of the grand mean obscure the basic rhythm pattern 
in the declarative sentence. The mean value of BAN JIA in the basic 
rhythm pattern is 59 and 82. Compared with the basic rhythm pattern, the 
values of BAN and JIA in the declarative sentence are 39 and 46 which 
represent the less strong and weaker node. 
3.2.3. The realization of intonation in the interrogative sentence. 
The mean syllabic volume of the interrogative sentence without MA is 50, 
54, 25, 70, and 107 (see table 3.1), which is more than the grand mean. The 
mean syllabic volume of the interrogative sentence minus the grand mean 
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is 5, 7, 1, 11, and 25. The variation of BAN JIA in the interrogative sentence 
without MA is greater than that of other constituents. If we take the greater 
variation and use the positive symbol '+' to indicate the positive value, the 
realization of intonation of the interrogative sentence in a rhythm tree is as 
follows: 
Figure 3.10 
The re a 1 i sat i on of i n ton at i on i n i n t e rro g at i v e sentence 
~R----
W ~S 
/~ /~ 
w s w S+ 
/~ 
W- S+ 
JIN TIAN TA BAN JIA 
(Today she/he is moving house) 
W-: 1 ess weak node S+ stronger node 
Compared with the basic rhythm pattern, the values of BAN and JIA in the 
interrogative sentence are 70 and 107 respectively, which represent the less 
weak and stronger node. 
3.2.4. The realization of intonation in the interrogative plus MA 
and exclamatory plus YA sentences. The mean syllabic volume in the 
interrogative plus MA and exclamatory plus YA sentences is similar to the 
grand mean. This indicates that the realization of intonation in these two 
types of sentences is the same as the basic rhythm pattern. The way to 
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distinguish these two types of sentences is by the particle MA and YA 
respectively. The realization of intonation in these two types of sentence is 
as follows: 
Figure 3.11 
The realization of intonation in the interrogative plus MA 
s 
w/~s w 
/~ ef ;s~ 
w s w s 
JIN TIAN TA BAN JIA MA 
( Is sheJ he moving house tcday?) 
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Figure 3.12 
The realization of intonation in the exclamatory plus YA 
w 
JIN TIAN TA BAN JIA YA 
(she/he is moving house today!) 
3.2.5. Summary. The realization of intonation in the declarative 
and interrogative sentences without MA is characterized by changes in the 
quantity of the weak and strong node in the final part of the hierarchical 
rhythm system. The intonation in the declarative sentence subtracts, 
whereas in the interrogative it adds a certain value. This is the 
distinguishing feature of intonation in these two types of sentences. Besides, 
the value of each syllable of the interrogative sentence without MA is also 
more than that of the corresponding syllables in the declarative sentence. 
The mean syllabic volume of each syllable in the declarative sentence is 36, 
35, 25, 39, and 46 whereas in the interrogative sentence it is SO, 54, 25, 70, and 
107 (see table 3.1). The average syllabic volume of each syllable in the 
interrogative sentence is 25 greater than that in the declarative sentence. 
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3.3.1. The realization of focus accent in the declarative sentence. 
According to the syllabic volume of the declarative sentence with focus 
(refer to table 3.2 and figure 3.14) I propose to show how the focus in various 
positions of the sentence can be formalized in rhythm trees. As the focus 
which we examined is only in the declarative sentence, not in each type of 
sentence, the rhythm structure of the plain declarative sentence should be 
the basic rhythm structure for presenting focus. The way focus accent in the 
declarative sentence is realized is different from that for intonation in the 
four types of sentences. Not only is the value of the constituent with focus 
greater than that of non-focused ones, but also the rhythm pattern in the 
sentence is changed. 
The syllabic volume of the plain declarative sentence is 36, 35, 25, 
39, and 46 (see table 3.2 and figure 3.13). Based on the syllabic volume the 
rhythm structure can be formalized as follows: 
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Figure 3.13 
The rhythm structure of the plain declarative sentence 
R 
~ 
w 
t)~S) 
JIN 
36 
TIAN 
35 
/~ 
w 
TA 
25 
s 
/""-w s 
BAN 
39 
JIA 
46 . 
(She/he is moving house taday) 
I have explained in section 3.1.6. that the syllabic volumes of JINTIAN 36, 
35, which are the variations of the grand mean 45, 47, obscure the basic 
". rhythm pattern in the declarative sentence (refer to figure 3.9). Therefore, 
although syllabic volumes of JINTIAN are 36, 35 the basic rhythm pattern is 
still weak-strong. 
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Table 3.2: The Mean Syllabic Volume and Standard Deviation of 
80 
70 
60 
50 
40 
30 
20 
10 
Focus in Declarative Sentences 
JIN TIAN TA BAN JIA 
No focus 
-X 36 35 25 39 46 
SD 20 13 7 12 15 
Focus on J-T 
x 74 50 19 24 34 
SD 23 21 7 8 16 
Focus on TA 
X 39 60 57 31 35 
SD 22 31 19 15 23 
Focus on B-J 
X 40 56 24 60 71 
SD 28 38 10 27 29 
Figure 3.14 
The Mean Syllabic Volume of Focus in Declarative Sentences 
o +l-,-'iiiiii~~-..J ..... liiiiiiiiiiil~liiiiiiiiiiil..-....liiiiiiiiiiilii.l ...... a.,J--'iiiiiiiiiiili~iliiiiiiiiiil..-,..Aiiiiiii~---~ 
JIN TIAN TA BAN JIA 
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D No focus 
EJ Focus on J-T 
~ Focus on TA 
ml Focus on B-J 
3.3.2. The realization of focus on JINTIAN. When JINTIAN is 
focused the syllabic volumes of JINTIAN are 74 and 50 which are greater 
than those for TA BAN JIA which are 19, 24, and 34. The weak-strong 
rhythm pattern of the sentence is changed into strong-weak. The rhythm 
structure of the sentence can be illustrated as follows: 
Figure 3.15 
Focus on JINTIAN 
JIN 
74 
TIAN 
50 
TA 
19 
BAN 
24 
(She/he is moving house taday) 
nA 
34 
The node of JINTIAN is labeled weak in the declarative sentence without 
focus. When focus is put on JINTIAN the weak node becomes strong and its 
sister constituent TA BAN JIA changes from strong to weak. The nature of 
the nodes at the top level of the tree is changed and this affects the nature of 
the nodes at the low level in the beginning of the sentence but not in the 
final part of the sentence. This is one of the rules governing constituent 
change (refer to 3.3.6.). For instance, when JINTIAN is not focused the node 
at the top level is weak and the nodes at the low level are weak-strong. 
When JINTIAN is focused the node at the top level becomes strong and the 
nodes at the low level change into strong-weak. Of course, in the focused 
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constituent JINTIAN, the syllabic volumes of the strong node are increased 
from 36, 35 to 74, SO whereas the value of the weak node TA is decreased 
from 25 to 19 (refer to figures 3.13 and 3.15). 
3.3.3. The realization of focus on TA. When TA is focused the 
syllabic volume of TA is 57, which is double than that of non-focused TA. 
However, it is still less than that of TIAN which is 60. The reason is that TA 
is a monosyllabic pronoun whose original syllabic volume is less than that 
of other words. It also indicates that focus not only affects the word itself but 
also makes the preceding node stronger. The weak-strong rhythm pattern at 
the middle level is changed into strong-weak. The rhythm structure of the 
sentence can be illustrated as follows: 
Figure 3.16 
Focus on TA 
JIN 
39 
TIAN 
60 
TA 
57 
BAN 
31 
(Today she/he is moving house.) 
50 
JIA 
35 
I, 
3.3.4. The realization of focus on BAN JIA. When BAN JIA is 
focused the syllabic volumes of BAN JIA are 60 and 71 which are bigger than 
those of other constituents. For the focused element BAN JIA, at the middle 
level the strong node becomes more strong (S+) and at the lower level the 
weak node becomes less weak (W-) and the strong node becomes stronger 
(S+). The rhythm structure of the sentence can be illustrated as follows: 
Figure 3.17 
Focus on B-J 
JIN 
40 
TIAN 
56 
TA 
24 
/""' W- S+ 
BAN 
60 
JIA 
71 
(Today she/he is moving house.) 
Focus can occur at the beginning, middle, or end of the sentence. There are 
two ways for focus to be realized in the rhythm structure. When focus is put 
on a weak constituent of the sentence, the constituent will become strong. 
When focus is put on a strong constituent, it will become stronger. The 
other constituents at the same level still retain their original rhythm 
pattern. This is a regular change of rhythm structure affected by focus. 
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3.3.5. The general rhythm formula. What is the main feature of 
the metrical structure of the sentence JINTIAN TA BAN JIA? After 
examining the basic rhythm pattern and the realization of intonation and 
focus on the basic rhythm pattern, we can make some conclusions. The 
whole rhythm structure (from the top to bottom level) of the sentence 
JINTIAN TA BAN JIA without focus follows a weak-strong pattern. There 
are two noun phrases (JINTIAN and TA BAN JIA) at the top level of the 
sentence. The second part (TA BAN JIA) is stronger than the first one. 
There is a noun phrase (TA) plus verb phrase (BAN JIA) at the middle level 
of the sentence. The verb phrase (BAN JIA) is stronger than noun phrase 
(TA). There is a verb phrase (BAN JIA) at bottom level. The noun (JIA) is 
stronger than the verb (BAN). There is a noun (JINTIAN) which consists of 
two syllables. Since neither syllable is atonic, the second syllable is stronger 
than the first. In metrical terms we obtain the following formulas: 
NP+: S ) NP+ 'S/-focus 
NP+VP >NP+'VP /-focus 
VP ) VP+'NP / -focus 
S+S > S+'S/-atonic 
These formulae can be generalised to the single statement: 
C+C --... ) C+'C/-focus or a tonic (where C=constituent). 
3.3.6. The rules governing constituent change. We have discussed 
the hierarchical rhythm system and the realization of intonation and focus 
accent in the sentence JINTIAN TA BAN JIA. The rules governing the 
constituent changing in the hierarchical rhythm system are as follows: 
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1. S > S+ / +focus i.e. a strong constituent with focus will become 
stronger (refer to the figure 3.17) 
2. W > S / +focus i.e. a weak constituent with focus will become strong 
(refer to the figure 3.15, 3.16) 
3. W >s low/W > S high/#_ i.e. when a weak constituent at the 
high level in the beginning of the sentence becomes strong it will make the 
weak constituent strong at the low level (refer to figure 3.15) 
4. s--~>w low/w---->s high/#_ i.e. when a _weak constituent at the 
high level in the beginning of the sentence becomes strong it will make the 
strong constituent weak at the low level (refer to figure 3.15) 
5. W(S) >w(S) low/s--->w high/_# i.e. when a strong 
constituent at the high level in the final part of the sentence becomes weak 
.. 
it will not affect the constituent at the lower level (refer to the figure 3.16). 
6. W >w- low;s---->s+ high/_# 
s >s+ low/S >s+ high/_# i.e. when a strong constituent at 
the high level in the final part of the sentence becomes stronger, the weak 
constituent at the lower level will become less weak; the strong constituent 
will become stronger (refer to the figure 3.17) 
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Chapter 4 Summary 
4.0. Introduction. This thesis sets out a brief introduction of metrical 
phonology and suprasegmentals in Mandarin in chapter 1. Then it describes 
the methods and discusses the results in chapters 2 and 3. In this chapter I 
summarize the project's main findings and look at further directions in the 
study of Mandarin suprasegmentals and metrical phono1ogy . 
4.1. The hierarchical rhythm approach. The hierarchical rhythm 
approach which is developed from this project uses rhythm tree and syllabic 
volume to analyse the rhythm pattern of words, phrases, and sentences. The 
sequence can be short or long, the hierarchy can be simple or complex. The 
strong or weak node indicates relative degree at the same level. The absolute 
degree of strength or weakness of node refers to the syllabic volume of each 
syllable. The hierarchical rhythmic structure is determined by the main 
linguistic aspects such as semantics, pragmatics, syntax, and phonology. The 
syllabic volume by which the rhythm structure is realized comprises the 
value of the three acoustic dimensions, fundamental frequency, duration and 
overall amplitude. The level and node of the rhythm tree reflect 
phonological, syntactic, and pragmatic factors in the sentence. Since the 
hierarchical rhythm approach combines hierarchical analysis and quantitative 
study, we can, based on the acoustic value, predict which constituent is weak 
or strong at different levels of sentences . 
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4.2. The advantage of the hierarchical rhythm approach. Applying 
the hierarchical rhythm approach we can identify the rhythm structure in 
words, phrases, and sentences. As well, we can distinguish different prosodic 
features. The results of this project show that the dominant rhythm pattern in 
disyllabic words without atonic syllables and in the phrase or sentence 
without focus is a weak-strong rhythm pattern. There are tone, stress, and 
intonation in Mandarin Chinese. These different kinds of prosodic features 
affect each other or mix together in speech. Tone and intonation can only add 
or subtract syllabic volume of syllables in the sentence, but cannot reverse the 
strong or weak node of the rhythm structure. For instance, in the rhythm tree 
of the sentence JINTIAN TA BAN JIA, TA (she/he), which is high tone, is a 
weak node at the middle level. If we use WO (I/me), which is low tone, 
instead of TA to put in the same position, the weak node at the middle level 
only decreases some syllabic volume, (since WO (I/we) will have a low mean 
of Fo and Ar), but not change into strong node. If we substitute other tones 
such as rising and falling instead of high tone, it is the same as low tone. The 
reason is that the tone range or the variation of syllabic volume in the four 
tones only can affect the value of each node but does not reverse the weakness 
or strength of the node. Similarly, the intonation in different types of 
sentences only can increase or decrease syllabic volume of certain syllable, but 
does not change the strong or weak nature of nodes in the sentences. In table 
3.1 the syllabic volume of the syllable JIA in the declarative sentence is 46, but 
in interrogative plus MA and exclamatory plus YA is 87, and in the 
interrogative is 107, which is double or even more than 46. But the relative 
strength of the node in the rhythm structure has not changed. 
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The hierarchical rhythm approach can not only distinguish the 
different kinds of prosodic features, but also can distinguish the different 
realization of the same kind prosodic features. Stress, as tone, is one of the 
prosodic features in Mandarin Chinese. The disyllabic words, with fixed, i.e . 
lexically specified, strong-weak pattern such as dong xi' something', dl dao 
'typical, pure', and xi a sh u i 'offal', can only reverse the strong or weak node 
in the low level of the rhythm system. But stress which is used to emphasize 
the constituent with focus can reverse or change the st_rong or weak node at 
any level of the rhythm system. I have described how the focus accent affects 
the value of certain syllables as well as the rhythm system. Wherever the 
focus is put the node is always changed from weak to strong or from strong to 
stronger. For example, the syllabic volume of the syllable with focus (see table 
3.2) is 74 and 50 in JINTIAN, 57 in TA, and 60, 71 in BAN JIA which is double 
.i 1,J or more than double the syllabic volume of the non-focus syllable. Although 
both the disyllabic words with the strong-weak pattern and phrases or 
, . sentences with focus can reverse the strong or weak node in the rhythm 
,, 11: structure of sentences, the focus accent can reverse the node at any level. But 
~ the words with the strong-weak pattern can only reverse the nature of the 
nodes at the low level. 
" 1 1• I 
'. 
4.3. The direction of further study. In this project I have only 
investigated one sentence JINTIAN TA BAN JIA in which each word is 
lexical and each syllable is high tone. Applying the hierarchical rhythm 
system approach we can investigate the rhythm structure in different types of 
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sentences which contain other category words and tones. Of course, we could 
explore more aspects of stress, tone, and intonation in Mandarin speech . 
Since the syllabic structure (C)(V)V(C) of Mandarin makes it comparatively 
easier to calculate syllabic volume from a spectrogram, the method of 
applying syllabic volume to describe metrical structure is suited to Mandarin 
Chinese. How to apply this approach to other languages is the subject of 
further study. 
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Appendix 1 
1. The text 
zaoshang Xiao LT kandao w ode nupengyou shoush i 
-' _t ,-J" $ ~ j1J itt tf') --j;: ,ij,ij ~ ~ 1'&i 
This morning Xiao Li saw my girl friend packing up 
dongxi} kai wanxiaode wen : 
* [§' ff 1ft ~ tf'J faJ : 
luggage and asked me jokingly 
"jTntian ta ban jia ma?" 
"~5'(M!~~[!I;?" 
"Is she moving house today?" 
"sh1de jTntian ta ban jia." wo hao wu biaoqfngde 
"-£tfl, ~7(~~~." itt~7C:*Ji±& 
"Yes, she is moving house today." I answered without any 
huf da. 
[fil ~. 
emotion. 
ta kan q1fen budu1 yfhuode wen 
1t~~1R:fxt, ~~±&faJ: 
He felt there was some thing unusual and asked in a 
puzzled voice: 
"jTntian ta ban jia?" 
"~51(~~~?" 
"Is she moving house today?" 
"jfntian ta ban jia." wo you ch6ngfu le yT bian. 
"~5'(mg~~ ... ftX£~ 7-J!OC. 
"Yes, she is moving house today." I repeated. 
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x i angqi zhe 1 i ang ti an f as hengde bu yuk uai de Shl ) 
~. E J! WI~ £ ~ g{] ~ ·twr )~ ITT~ 
Xiao Li recalled the unpleasant things which had happened 
these past couple of days, 
Xi ao Li ruoyou suoside gantan shuo: 
~J,*~~ffl,~~~qx15t: 
and said with deep feeling: 
"jint i an ta ban j i a ya, zhen sh1 feng yun duo b i an ya !" 
.. ~~~~~Df, ~~Jxt-f;:~ ~ Df!" 
"There has been a sudden change, she is moving house 
today!" 
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2. The dialogue 
Q: n at i an ta ban J i a? 
rm~~~~ il? 
When is she moving house ? 
A: J Tnt i an ta ban Ji a. 
~~~~il . 
She is moving house today. 
Q: JTntian shuf ban jia? 
~~,,t~il? 
Who is moving house today? 
A: J r n t i an ta ban J i a. 
~~~~il . 
She is moving house today. 
Q: J rnt i an ta gan sh enm e? 
~7(~-=ftr~? 
What is she doing today? 
A: JTntian ta ban Jia 
~~~~il. 
She is moving house today. 
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Appendix 2 
The syllabic volumes of the four types of sentences for the 6 
speakers 
140 .• 
120 .• 
100 • 
Dec. 
Int. 
Int.M 
Exe. 
80 .• 
60 -
40 
20 · 
JIN 
(ZSY) 
JIN TIAN TA BAN JIA 
58 48 24 52 58 
51 53 27 81 133 
65 71 40 87 101 
67 75 29 138 132 
MIYA 
52 
49 
ZSY: The Syllabic Volume of the Four Types of Sentence 
TIAN TA BAN JIA 
61 
M/VA 
D Dec. 
Ill Int. 
fEl lnt.M 
IE] Exe. 
.. 
120 
100· 
80 
60 
Dec. 
Int. 
Int.M 
Exe. 
JIN 
(LYP) 
JIN TIAN TA BAN JIA MIYA 
22 29 27 37 51 
22 26 21 62 118 
46 45 20 49 115 60 
35 39 28 41 75 35 
L YP: The Syllabic Volume of the Four Types of Sentence 
TIAN TA BAN JIA 
62 
D Dec. 
mm Int. 
El . lnt.M 
IE] Exe. 
MIYA 
160 • 
140 .. 
120 .. 
100 .. 
80 .. 
Dec. 
Int. 
Int.M 
Exe. 
6 0 .1.....-"'88il 
JIN 
(GM) 
JIN TIAN TA BAN JIA MIYA 
63 53 33 53 59 
99 103 33 93 142 
111 91 41 105 115 75 
76 84 42 93 138 72 
GM: The Syllabic Volume of the Four Types of Sentence 
D Dec. 
Ill Int. 
Bl . lnt.M 
mm Exe. 
TIAN TA BAN JIA MIYA 
63 
70 
60 .• 
50 .• 
40 • 
30 .• 
Dec 
Int. 
Int.M 
Exe. 
JIN 
(WXL) 
JIN TIAN TA BAN JIA MIYA 
14 19 12 27 40 
35 43 20 48 68 
11 14 13 32 63 24 · 
15 31 10 29 49 26 
WXL: The Syllabic Volume of the Four Types of Sentence 
D Dec 
Ill Int. 
m lnt.M 
Em Exe. 
TIAN TA BAN JIA M/VA 
64 
(HYH) 
JIN TIAN TA BAN JIA MIYA 
Dec. 32 25 26 25 19 
Int. 44 39 31 48 56 
Int. M 31 34 19 36 44 28 
Exe. 32 26 16 26 49 25 
HYH: The Syllabic Volume of the Four Types of Sentence 
60 ... 
50 -~ 
40 .• 
30 - r-1~~':«1 
20 · 
10 ii. 
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JIN TIAN TA BAN JIA MIYA 
65 
D Dec. 
II Int. 
t~~~, Int. M 
EJ Exe. 
140 
120 
100 
80 · 
60 
Dec. 
Int 
Int. M 
Exe. 
(DQ) 
JIN TIAN TA BAN JIA MIYA 
25 34 27 42 46 
49 57 18 85 123 
42 48 38 78 85 33· 
29 39 23 so 79 12 
DQ: The Syllabic Volume of the Four Types of Sentence 
:: . --,B881tl m r--,1~[::•:_:.,.:1_:::,,:~::·~_l:_.:l
1
_._:.~f . ·1:_::·:_
1
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JIN TIAN TA BAN JIA MIYA 
66 
D Dec. 
mm Int 
m Int. M 
IE Exe. 
Appendix 3 
The three dimensional acoustic values of the four types of 
sentences for the 6 speakers 
(ZSY) 
Declarative 
JINTIAN TA BAN JIA 
De 4 6 7 4 
Dv 11 11 5 16 15 
Fo 250 234 234 230 215 
Ar 18 15 13 14 16 
Vo 58 48 24 52 58 
Interrogative 
JINTIAN TA BAN JIA 
De 4 4 7 6 
Dv 9 10 4 16 19 
Fo 330 337 337 337 337 
Ar 15 14 13 15 19 
Vo 51 53 27 81 133 
Interro. MA 
JINTIAN TA BAN JIA MA 
De 6 4 5 6 6 
Dv 10 13 5 17 15 9 
Fo 300 292 300 300 325 236 
Ar 18 17 20 17 18 13 
Vo 65 71 40 87 101 46 
Exclamatory 
JINTIAN TA BAN JIA YA 
De 5 5 6 5 
Dv 11 13 4 17 19 15 
Fo 312 300 300 300 305 180 
Ar 17 17 16 27 21 18 
Vo 67 75 29 138 132 49 
67 
(LYP) 
Declarative 
JINTIAN TA BAN JIA 
De 5 2 2 
Dv 10 16 9 16 15 
Fo 166 166 166 163 166 
AR 10 11 16 14 19 
Vo 22 29 27 37 51 
Interrogative 
JINTIAN TA BAN JIA 
De 6 2 2 2 
Dv 7 8 5 16 19 
Fo 270 300 278 296 300 
Ar 9 10 13 13 20 
Vo 22 26 21 62 118 
Interro. MA 
JINTIAN TA BAN JIA MA 
De 5 3 4 4 
Dv 10 14 6 15 17 12 
Fo 257 266 258 271 283 248 
Ar 15 12 11 12 22 15 
Vo 46 45 20 49 115 60 
Exclamatory 
JINTIAN TA BAN JIA YA 
De 5 5 2 5 
Dv 10 11 9 17 17 15 
Fo 200 208 200 200 204 167 
Ar 14 14 14 12 19 14 
Vo 35 39 28 41 75 35 
68 
(GM) 
Declarative 
JINTIAN TA BAN JIA 
De 4 5 7 5 
Dv 13 12 5 15 17 
Fo 240 250 228 250 220 
AR 18 15 18 14 14 
Vo 63 53 33 53 59 
In terroga ti ve 
JINTIAN TA BAN JIA 
De 4 7 6 3 
Dv 13 15 4 15 22 
Fo 333 333 366 345 345 
Ar 21 18 16 18 18 
Vo 99 103 33 93 142 
Interro. MA 
JINTIAN TA BAN JIA MA 
De 7 7 6 5 9 
Dv 13 13 5 15 15 10 
Fo 333 333 333 333 333 220 
Ar 22 18 18 21 21 18 
Vo 111 91 41 105 115 75 
Exclamatory 
JINTIAN TA BAN JIA YA 
De 4 6 7 6 
Dv 12 12 4 14 18 15 
Fo 300 300 345 333 333 166 
Ar 19 20 20 20 21 21 
Vo 76 84 42 93 138 52 
69 
(WXL) 
Declarative 
JINTIAN TA BAN JIA 
De 5 
Dv 10 15 8 18 25 
Fo 104 104 100 100 100 
AR 9 12 15 15 16 
Vo 14 19 12 27 40 
In terroga ti ve 
JINTIAN TA BAN JIA 
De 3 
Dv 16 16 9 17 20 
Fo 166 181 175 175 200 
Ar 12 15 13 16 17 
Vo 35 43 20 48 68 
Interro. MA 
JINTIAN TA BAN JIA MA 
De 3 3 3 6 
Dv 10 10 6 14 19 9 
Fo 125 125 136 142 150 133 
Ar 7 11 12 16 20 12 
Vo 11 14 13 32 63 24 
Exclamatory 
JINTIAN TA BAN JIA YA 
De 4 2 
Dv 12 19 8 21 23 16 
Fo 125 125 125 125 125 107 
Ar 8 13 10 11 16 14 
Vo 15 31 10 29 49 24 
70 
(HYH) 
Declarative 
JINTIAN TA BAN JIA 
De 4 5 3 3 
Dv 9 8 9 15 13 
Fo 166 134 125 111 91 
AR 17 16 18 15 13 
Vo 32 25 26 25 19 
Interrogative 
JINTIAN TA BAN JIA 
De 3 
Dv 12 13 9 16 18 
Fo 167 166 158 166 182 
Ar 19 18 22 18 17 
Vo 44 39 31 48 56 
Interro. MA 
JINTIAN TA BAN JIA MA 
De 4 3 3 7 
Dv 11 14 9 14 14 8 
Fo 150 152 143 150 154 148 
Ar 15 14 15 17 18 14 
Vo 31 34 19 36 44 31 
Exclamatory 
JINTIAN TA BAN JIA YA 
De 3 4 2 3 
Dv 16 13 9 17 19 19 
Fo 125 111 111 111 120 102 
Ar 14 14 13 14 19 13 
Vo 32 26 16 26 49 25 
71 
(DQ) 
Declarative 
JINTIAN TA BAN JIA 
De 1 
Dv 8 10 11 16 20 
Fo 215 214 208 200 190 
AR 14 16 12 13 12 
Vo 25 34 27 42 46 
Interrogative 
JINTIAN TA BAN JIA 
De 1 6 
Dv 8 10 6 15 23 
Fo 330 333 333 333 333 
Ar 18 17 7 17 16 
Vo 49 57 18 85 123 
Interro. MA 
JINTIAN TA BAN JIA MA 
De 1 6 7 
Dv 8 10 6 19 19 10 
Fo 250 266 275 275 278 226 
Ar 20 18 17 15 16 10 
Vo 42 48 38 78 85 38 
Exclamatory 
JINTIAN TA BAN JIA YA 
De 2 5 2 3 
Dv 9 12 10 18 33 15 
Fo 193 193 193 197 185 166 
Ar 15 14 11 14 13 5 
Vo 29 39 23 50 79 12 
72 
Appendix 4 
The three dimensional acoustic values of focus in the declarative sentences 
for the 6 speakers 
ZSY 
Focus on JIN TIAN 
JIN TIANTA BAN JIA 
Du 21 24 13 15 24 
Fo 375 222 200 181 166 
Ar 12 13 12 9 15 
Vo 75 50 23 24 56 
Focus on TA 
JIN TIANTA BAN JIA 
Du 16 27 22 18 23· 
Fo 333 314 375 219 200 
Ar 11 14 15 13 17 
Vo 48 98 75 51 73 
Focus on BAN JIA 
JIN TIANTA BAN JIA 
Du 18 27 14 16 23 
Fo 285 258 291 283 272 
Ar 16 17 14 17 20 
Vo 73 97 36 77 111 
LYP 
Focus on JIN TIAN 
JIN TIANTA BAN JIA 
Du 19 16 13 18 19 
Fo 333 260 166 142 130 
Ar 19 18 14 12 16 
Vo 98 75 30 31 40 
Focus on TA 
JIN TIANTA BAN JIA 
Du 22 15 24 15 17 
Fo 266 277 300 145 125 
Ar 9 14 16 8 12 
Vo 44 53 77 17 25 
Focus on BAN JIA 
JIN TIANTA BAN JIA 
Du 12 15 12 16 21 
Fo 207 222 205 217 222 
Ar 6 9 9 13 18 
Vo 15 30 17 45 77 
73 
GM 
Focus on JIN TIAN 
JIN TIANTA BAN JIA 
Du 17 20 12 17 25 
Fo 357 208 200 181 166 
Ar 17 13 13 11 12 
Vo 81 46 21 34 46 
Focus on TA 
JIN TIANTA BAN JIA 
Du 15 19 19 15 22 
Fo 276 250 333 200 166 
Ar 21 20 20 11 13· 
Vo 72 83 71 23 44 
Focus on BAN JIA 
JIN TIANTA BAN JIA 
Du 17 32 11 20 23 
Fo 250 225 250 266 234 
Ar 21 17 18 19 18 
Vo 74 108 33 101 85 
WXL 
Focus on JIN TIAN 
JIN TIANTA BAN JIA 
Du 19 19 11 15 20 
Fo 150 110 110 97 90 
Ar 18 15 9 14 15 
Vo 47 31 11 20 27 
Focus on TA 
JIN TIANTA BAN JIA 
Du 15 16 19 17 18 
Fo 125 133 142 100 95 
Ar 5 12 15 10 9 
Vo 9 26 36 17 15 
Focus on BAN JIA 
JIN TIANTA BAN JIA 
Du 15 13 9 17 22 
Fo 130 133 133 133 125 
Ar 8 13 14 15 16 
Vo 14 22 17 34 44 
74 
HYH 
Focus on JIN TIAN 
JIN TIANTA BAN JIA 
Du 19 18 9 14 15 
Fo 166 125 105 96 95 
Ar 16 11 12 9 8 
Vo 46 23 11 12 11 
Focus on TA 
JIN TIANTA BAN JIA 
Du 13 13 16 18 17 
Fo 125 125 166 115 95 
Ar 14 14 17 14 10 
Vo 22 22 38 29 16 
Focus on BAN JIA 
JIN TIANTA BAN JIA 
Du 12 13 10 15 '5 
Fo 138 144 144 144 153 
Ar 12 13 11 15 15 
Vo 18 24 13 32 32 
DQ 
Focus on JIN TIAN 
JIN TIANTA BAN JIA 
Du 18 17 10 17 19 
Fo 356 313 178 166 166 
Ar 16 14 10 9 8 
Vo 94 74 18 25 25 
Focus on TA 
JIN TIANTA BAN JIA 
Du 10 15 18 16 19 
Fo 276 300 332 255 180 
Ar 15 17 10 12 10 
Vo 36 77 44 49 34 
Focus on BAN JIA 
JIN TIANTA BAN JIA 
Du 12 13 10 18 21 
Fo 290 284 271 263 256 
Ar 13 14 10 15 14 
Vo 43 52 27 71 75 
75 
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